Introduction
============

Esophageal cancer is a common malignant tumor that occurs frequently in China, the incidence rate ranks fifth and mortality rate fourth in malignant tumors ([@b1-ol-0-0-9184]), dominated by squamous carcinoma. At present, the main clinical treatment methods include surgery, radiotherapy and chemotherapy. Even so, patients with esophageal squamous cell carcinoma have not only a poor prognosis, but also a low 5-year survival rate of less than 15% ([@b2-ol-0-0-9184]), so study of effective therapeutic drugs is urgent.

The existing clinical treatment often cause great adverse reactions, which not only bring great pain to the patient\'s, but also seriously reduce their life quality. Traditional Chinese medicine combined with conventional medicine has many advantages, and the active ingredients have high efficiency and low toxicity; traditional Chinese medicine has attracted increasingly more attention of scientists in China and worldwide because of these irreplaceable advantages. It has been reported that the active ingredients in traditional Chinese medicine and its extracts play significant roles in inhibiting the proliferation or inducing apoptosis of cancer cells, and reducing adverse reactions to radiotherapy and chemotherapy ([@b3-ol-0-0-9184]). Zerumbone, extracted from *Zingiber zerumbeta*, has been proven by many studies to have antitumor, anti-inflammation and other pharmacological activities; in particular, the anticancer effect of zerumbone and its mechanism have been investigated by a large number of scientists ([@b4-ol-0-0-9184],[@b5-ol-0-0-9184]).

This study aimed to assess the effects of zerumbone on the proliferation and apoptosis of esophageal cancer EC-109 cells and the possible relevant mechanism during the apoptosis process, so as to provide a basis for the clinical treatment of esophageal cancer with zerumbone.

Materials and methods
=====================

### Materials and reagents

Esophageal cancer EC-109 cells (Cell Bank of Chinese Academy of Sciences, Shanghai, China); zerumbone (Sigma, New York, NY, USA); methyl thiazolyl tetrazolium (MTT) (Sigma, St. Louis, MO, USA); rabbit anti-human P53 and Bcl-2 poluclonal primary antibodies and goat anti-rabbit horseradish peroxidase (HRP)-labeled secondary polyclonal antibody (cat. nos. 10442-1-AP, 12789-1-AP and SA00001-2; Wuhan Sanying Biotechnology, Wuhan, China; Dulbecco\'s modified Eagle\'s medium (DMEM) (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA); TdT-mediated dUTP nick end-labeling (TUNEL) apoptosis kit, TRIzol and reverse transcription-polymerase chain reaction (RT-PCR) kits (Invitrogen; Thermo Fisher Scientific, Inc.); primer synthesis (Takara, Dalian, China).

### Cell culture

The cells were cultured using DMEM cell culture fluid containing 10% fetal bovine serum, amino acid and double antibodies (100 kU/l penicillin and 0.1% streptomycin) in an incubator at 37°C under 5% CO~2~ and saturated humidity for continuous subculture. The culture fluid was regularly replaced, and the cells were digested with trypsin for follow-up experiments when they grew until covering 80% of the bottom of bottle.

### Detection of cell proliferation inhibition rate via Cell Counting Kit-8 (CCK-8) method

The esophageal cancer EC-109 cells in logarithmic growth phase was taken and counted using the cell counter after digestive treatment. Single-cell suspension (100 µl) (1×10^5^) was added into the 96-well plate. After the cells adhered to the wall, the original culture fluid was removed and the drugs with corresponding concentration were added according to the experimental grouping, and the volume was 100 µl. After 24, 48 and 72 h, 10 µl CCK-8 solution was added into the 96-well plate. After 4 h, the optical density (OD) value at the wavelength of 450 nm of each well was measured using the microplate reader. Inhibition rate = (1 - OD value in experimental group/OD value in blank control group) × 100%.

### Detection of apoptosis of EC-109 via TUNEL method

EC-109 cells were inoculated in a laser confocal culture dish and fixed with 4% paraformaldehyde for 15 min after drug treatment. After being washed with phosphate buffered saline (PBS) for 5 min ×2 times, tissues were treated with 100 µl 20 µg/ml proteinase K at room temperature for 10--30 min, and then washed with PBS for 3 min. Cells in treatment group were mixed evenly with 1 µl rTdT + 1 µl biotin-labeled dUTP + 98 µl equilibrium liquid; rTdT was replaced with tri-distilled water in negative control group; 100 µl DNase I buffer was added into the positive control group for incubation for 5 min, and 100 µl DNase I (10 U/ml) was added for enzyme digestion for 10 min after the liquid was removed; finally, cells were rinsed with deionized water 4 times and washed with PBS for 5 min; 100 µl TUNEL reaction mixture was added onto the specimen, and the specimen was covered with cover glass or sealed with sealing film for reaction in the dark wet box at 37°C × 1 h; enzyme-labeled reaction: 100 µl streptavidin-labeled HRP (diluted by 1:500 PBS) was added for 30 min. Finally, cells were observed under a laser confocal microscope (Olympus Corporation, Tokyo, Japan), and photographed in the randomly-selected visual field.

### Detection of the mRNA expression of P53 and Bcl-2 via RT-PCR

The cultured cells were inoculated into the 6-well plate with 10^4^ cells per well. After 24 h, the supernatant was discarded and zerumbone in the concentration of 30, 40 and 50 µg/ml was administered, respectively. After the reaction for 48 h, the EC-109 cells in each group were collected and used for the total RNA extraction with TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). Then cDNA was synthesized via reverse transcription with the qualified total RNA as the template. The specific reaction conditions were as follows: incubation at 42°C for 15 min and incubation at 95°C for 3 min. Then, cDNA was cooled on ice and stored at −80°C for later use. The qPCR amplification system is 25 µl: SYBR Premix Ex Taq II (2×) 12.5 µl, PCR Forward Prime (10 µM) 1 µl, DNA Templates 2 µl, DDW 8.52 µl. The reaction conditions are as follows: denatured at 95°C for 30 sec and annealed at 55°C for 60 sec, extension at 72°C, 30 cycles. Routine amplification was performed according to the primer sequences in [Table I](#tI-ol-0-0-9184){ref-type="table"}.

### Detection of the protein expression of P53 and Bcl-2 via western blotting

The cultured cells were inoculated into the 6-well plate with 10^4^ cells per well. After 24 h, the supernatant was discarded and zerumbone in the concentration of 30, 40 and 50 µg/ml was administered, respectively. After the reaction for 48 h, the cells in each group were collected and the total protein was extracted and the protein concentration was determined. After the samples were treated, 50 µg protein was isolated via sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and the protein isolated was electronically transferred onto the polyvinylidene fluoride (PVDF) membrane. The membrane was sealed using the blocking solution at room temperature for 1 h and incubated with primary antibodies (1:500) at 4°C overnight. After the membrane was fully washed with Tween Tris base buffer solution (TTBS), the secondary antibody (1:2,000) was added for incubation at room temperature for 1 h, followed by washing with TTBS, color development and photography.

### Statistical analysis

The data were presented as mean ± standard deviation, and processed with SPSS 19.0 (SPSS, Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) was used for the statistical analysis of data and the post hoc test was Dunnett\'s test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Effect of zerumbone on the inhibition of EC-109 proliferation

Compared with that in control group, the activity of EC-109 cells could be inhibited in administration groups with the zerumbone concentration of 30, 40 and 50 µmol/l. With the increase of concentration and time, the inhibition rate of proliferation was significantly increased in a significant concentration-dependent manner. The results in this study showed that the inhibition rate of EC-109 growth and proliferation was 49.82% under the action of zerumbone in the concentration of 40 µmol/l for 48 h. Therefore, 40 µmol/l and 48 h were selected as the administration concentration and dosage in this experiment ([Table II](#tII-ol-0-0-9184){ref-type="table"}).

### Effect of zerumbone on apoptosis of EC-109 cells

Compared with that in control group, the yellow green-stained cells in nucleus were apoptotic cells under the action of zerumbone in the concentration of 30, 40 and 50 µmol/l for 48 h. The results revealed that the number of apoptotic cells increased gradually with the increase of administration concentration ([Fig. 1](#f1-ol-0-0-9184){ref-type="fig"}).

### Effects of zerumbone on mRNA levels of P53 and Bcl-2

Compared with those in control group, under the action of zerumbone in the concentration of 30, 40 and 50 µmol/l for 48 h, the mRNA expression level of P53 in each group was obviously increased (P\<0.05), but the mRNA expression level of Bcl-2 was significantly decreased (P\<0.01) in a significant concentration-dependent manner ([Fig. 2](#f2-ol-0-0-9184){ref-type="fig"}).

### Effects of zerumbone on protein expression levels of P53 and Bcl-2

Compared with those in control group, under the action of zerumbone in the concentration of 30, 40 and 50 µmol/l for 48 h, the protein expression level of P53 in each group was remarkably increased with the increase of zerumbone concentration, but the protein expression level of Bcl-2 was remarkably decreased in a significant concentration-dependent manner ([Fig. 3](#f3-ol-0-0-9184){ref-type="fig"}).

Discussion
==========

Esophageal cancer has a high incidence rate in certain regions in China, and the clinical surgical treatment, combined with radiotherapy and chemotherapy, is still the preferred choice for the treatment of esophageal cancer, but its curative effect still needs improvement. Zerumbone is a kind of sesquiterpene substance extracted from the rhizome of wild *Zingiber zerumbeta* with antitumor, anti-inflammation and other pharmacological activities. It has been reported that zerumbone is effective for many cancer cells, such as colon cancer, lung cancer ([@b6-ol-0-0-9184]), leukemia ([@b7-ol-0-0-9184]) and liver cancer ([@b8-ol-0-0-9184]), but there is little research on the biological activity of zerumbone on esophageal cancer. In this experiment, the effects of zerumbone on the proliferation and apoptosis of esophageal cancer EC-109 cells and the possible mechanism in apoptosis process were studied preliminarily.

The wild-type P53 gene can monitor the abnormalities of cell genome and play a negative regulatory role in the cell growth process. When the DNA in cells or cells tend to be cancerous, the P53 gene can remove them in time, thus playing an anticancer effect ([@b9-ol-0-0-9184]--[@b11-ol-0-0-9184]); but if the P53 gene mutation occurs, it will lose such a regulatory effect and mutate from the cancer cell-removing gene into the oncogene, thus being transformed from normal cells into cancer cells. Studies have shown that P53 gene locus mutation occurs in more than 60% of gastric cancer; the wild-type P53 protein is unstable in the normal physiological conditions, whose half-life is very short, so it is difficult to be detected via ordinary immunological detection. On the contrary, after the P53 protein mutation, its half-life is extended, and its stability is also increased significantly, so that the immunological detection can detect the mutant P53 protein ([@b12-ol-0-0-9184]--[@b14-ol-0-0-9184]). A large number of studies have found that the P53 protein is overexpressed in colorectal cancer, lung cancer, gastric cancer, liver cancer and other tumor cells; moreover, the P53 gene is also widely used in the gene therapy at present ([@b15-ol-0-0-9184]--[@b18-ol-0-0-9184]). Bcl-2 gene has the biological function of inhibiting apoptosis ([@b19-ol-0-0-9184]), and plays an important role in the mechanism of apoptosis, which can protect cells from various forms of death and improve cell survival, thus increasing the number of cells. In some tumor cells, when the expression of Bcl-2 gene is inhibited, it will cause tumor cell apoptosis ([@b20-ol-0-0-9184]), indicating that Bcl-2 gene has a very close relationship with tumors.

The results of CCK-8 showed that different concentrations of zerumbone could inhibit the activity of EC-109 compared with that in control group, and the proliferation inhibition rate was significantly increased with the increase of concentration in a concentration-independent manner. TUNEL staining revealed that the cell apoptosis began to occur gradually in the administration group, and the number of apoptotic cells was increased with the increase of concentration in a concentration-independent manner. The results of RT-PCR detection showed that with the increase of zerumbone concentration, the mRNA expression level of P53 was gradually increased, but that of Bcl-2 was gradually decreased. Moreover, the results of western blotting showed that with the increase of zerumbone concentration, the protein expression level of P53 was gradually increased, but that of Bcl-2 was gradually decreased, suggesting that zerumbone can upregulate the protein expression of P53 and downregulate the protein expression of Bcl-2, thus inducing apoptosis. Similar to this study, antitumor drugs significantly increase the expression of P53 in lung cancer cells ([@b21-ol-0-0-9184]). Xi *et al* ([@b22-ol-0-0-9184]) studied and revealed that some antitumor drugs can induce tumor cell apoptosis through downregulating the Bcl-2 expression. For example, carnosol can decrease the Bcl-2 protein expression in leukemia cells by 34--53%.

In conclusion, it was proved in this study that zerumbone can inhibit the proliferation of esophageal cancer EC-109 cells and induce the occurrence of apoptosis. Moreover, its induction of apoptosis may be realized by upregulating the expression of P53 and downregulating the expression of Bcl-2.
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###### 

RT-PCR primer sequences of Fas and FasL mRNA.

  Gene name   Primer sequence
  ----------- -------------------------------------
  *P53*       Forward: 5′-GGAAATCTCACCCCATCCCA-3′
              Reverse: 5′-CAGTAAGCCAAGATCACGCC-3′
  *Bcl-2*     Forward: 5′-GGCCTGTGTCTCCTTGTGAT-3′
              Reverse: 5′-TGCCAGCTCCTTCTGAAGTA-3′

###### 

Effects of zerumbone in different concentrations on the inhibition of EC-109 proliferation (mean ± SD, %).

                  Proliferation inhibition rate (%)                                                                                   
  --------------- --------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  Control group   0                                                         0                                                         0
  30              3.35±0.31^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^    16.21±2.31^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^   28.25±3.43^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^
  40              6.68±1.52^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^    49.82±3.58^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^   59.43±4.25^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^
  50              15.54±1.12^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^   59.77±3.56^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^   70.53±4.79^[a](#tfn1-ol-0-0-9184){ref-type="table-fn"}^

P\<0.01, compared with control group.
